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19. Abstract (Cont'd):

Based on the results of this evaluation, the propellant formulation
expert system will be developed using the expert system shell, INSIGHT 2+. A
few of the more important features of INSIGHT 2+ are that it uses a
programming language, the ease with which TURBO PASCAL programs and dBASEIII
databases can be accessed. INSIGHT 2+, for this task, proved most
advantageous. However, for other applications, which shell to use is highly
dependent on the type of expert system being developed and the knowledge
engineer's personal preferences.
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I. INTRODUCTION

Artificial Intelligence (AI) encompasses many different aspects of
computer technology. A few of the major sub-disciplines are expert systems, ,
robotics, and natural language processing. In recent years, expert systems
have been applied to an increasing number of commercial and government
laboratory applications. An expert system is computer software which
simulates the knowledge and reasoning power of a human expert. The computer
program queries the user for the necessary data and then based on the
information received, the program gives a suggestion/solution to the
problem. Some more famous examples of expertr.systems are:

1. RI - An expert system developed at DEC for use in configuring
computer orders.

1

2. DENDRAL - An 2expert system which interprets mass spectra to determine
molecular structures.

3. MYCIN - An expert system whic diagnoses and then suggests the
treatment for specific blood diseases.

Expert systems consist of two parts, the "knowledge-base" and the
"inference engine". MYCIN was one of the first expert systems in which the
inference engine was extracted or separated from the knowledge-base. The
inference engine, EMYCIN (extracted MYCIN), could then be used with other
knowledge-bases. This led to expert system tools which help in the
development of expert systems. These tools offer built-in capabilities like
debugging aids, input/output facilities, explanation facilities, and
knowledge-base editors. These facilities help enhance the expert system, in
addition to reducing the development time of the expert system.4'5

One type of expert system tool which has recently become commercially
available are expert system "shells". These shells can be categorized as
either example-based or rule-based. For example-based shells, the shell
develops the expert system based on examples entered by the knowledge engineer
or programmer. The shell itself develops the rules to be used in the expert
system. On the other hand, rule-based systems require the knowledge engineer
to enter the rules that are to be used by the expert system. Rule-based
shells offer more flexibility and freedom, but these systems are more
difficult to learn to use, since the knowledge engineer must first develop the
rules.

6

Since personal computers (pc's) have become increasingly powerful, many
applications that before could only be run on mini/mainframe computers are now
being developed on personal computers. One important area that has moved to
the personal computer domain is expert systems and expert system shells. %
There are a considerable number of expert system shells available. Most of
these shells are designed for use on personal computers; however, a few of
these shells have versions which run on both mini/mainframe computers and
personal computers. Also available are shells which are based on Al-
computers, i.e. computers (pc's and mini's) which are designed specifically
for using LISP.1 Appendix A shows a current listing of pc-based shells. •
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The Ignition and Combustion Branch has been tasked to develop a
propellant formulation expert system. The goal of the project is to develop
an expert system for propellant formulation design. The expert system will
aid the user in designing a propellant for an intended application, given
certain user-specified constraints. The results of exercising the expert
system will be a list of possible formulations (combinations of oxidizer,
polymer, plasticizer, additives, etc.), as well as estimated propellant
properties (energy, burning rate, sensitivity, etc.). Examples of user-
specified constraints would be cost, and any ingredient preferences. Rules
will be used both to select appropriate combinations of ingredients, as well
as to estimate the properties of the resulting propellant formulations. For
this project five expert system shells (three example-based and two rule-
based) were evaluated; these included KDS (KDS Corporation)_ 8 1st-CLASS
(Programs In Motion Inc.), 9 TIMM (General Research Corp.), EXSYS (EXSYS

Inc.)," and INSIGHT 2+ (Level Five Research Inc.).
12

II. EVALUATION

An expert system, which was analogous to the propellant formulation
system to be developed, was used to evaluate the five expert systems shells to
determine which would be the most suitable. The expert system shells were
evaluated on: (1) ease of use in developing the expert system; (2) ability to
pass data between an external program and the expert system; and (3) the
ability to search databases. The shells purchased varied considerably in
these three categories. The evaluations were based on procedures which were
considered to be applicable to the development of the planned propellant
formulation expert system. The version of TIMM evaluated was based on a
VAX/VMS minicomputer. The personal computer version of TIMM is identical to
the VAX version except for the memory limitations. The other four expert
system shells were run on a WYSEpc XT-compatible PC with 640k memory, and on a
Zenith ZWX-248 AT-compatible PC with 640k memory + 2560k extended memory and
80287 math coprocessor.

A. KDS

Knowledge Delivery System (KDS) is an example-based shell. Version 2.0
which was purchased for this evaluation is not capable of performing
mathematical calculations within the shell program. (NOTE: The updated
version 3.0 is capable of performing mathematical calculations within the
shell program.) The KDS manual is very vague about the type of algorithm used a
in the reasoning process. KDS does offer the user the option of selecting
either forward chaining or backward chaining.

In forward chaining, the first rule in the knowledge-base is executed.
From this rule's premise the next rule containing this premise or a fact
supporting this premise is executed. This cycle is continued until all the
goals are proved or disproved. For backward chaining, the shell starts with a
goal and then searches backwards for a rule containing a premise supporting
this goal. The rules are then searched to find a fact which verifies this
premise. If a fact is not found, a search is made for a rule that can be used
to infer the fact or else the shell queries the user. Just as in forward
chaining, this cycle is continued till the goal is proved, disproved, or all
rules have been evaluated. If backward chaining is desired, the user selects %
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a goal to evaluate. If the goAl selected is not proved or disproved then the
shell reverts to forward chaining to reach a conclusion.

KDS's user interface is called an "intelligent development environment".
The user enters representative examples, which KDS then uses to develop its
own if-then-else rules. KDS interrogates the user just like the expert system
would. What follows is a typical session showing how an expert system is
developed:

previously entered: condition 0
"application is rocket" condition 0-.

if true "metal AP" case 0
if false "cat db" case 1

riew case: ammonium perchlorate
"KDS": application is rocket condition 0

Response: [y]
"KDS": answer: metal AP case 0
Response: [n]
"KDS": what is the correct answer?
Response: ammonium perchlorate case 2
"KDS": What condition if true would distinguish case 0 from case 2 ?
Response: cost is moderate condition 1

This dialogue would continue until all the cases had been entered. One
major problem with this is that only one condition can be entered per case, so
that one has to go back and use the utility "fill in all conditions" for the
remaining cases. Also each condition is considered unique so we are not able
to have the shell exclude certain conditions based on the answer received.
For example if "the development time is long" was set to true then "the
development time is short" should therefore be set to false, yet we were not
able to program the shell to do this. KDS's technique of having the user
enter cases, and conditions which back up these cases is interesting, and as
far as we know unique to expert system shells in general. Once all the cases
are entered, the expert system is compiled. During the compilation process,
if-then-else rules are generated and can be printed if desired. A nice
feature that KDS offers is that text can be associated with specific
conditions, therefore a more detailed explanation can be displayed, if
needed. This text can be displayed automatically or only when requested by
the user. Special cases, "knockout cases", can be entered that help exclude
impossible situations or narrow down the searching process. These are similar -'. "
to TIMM's exclusionary rules which are described below.

Another feature of KDS is that modules can be chained together. This is
especially useful when developing a large expert system since the expert
system can be written in smaller modules which are then chained together.
Modules can be chained to conclusions, so that if a specific conclusion is
reached an associated module will be called. In addition to conclusions,
modules can also be chained to conditions. These features enable the
knowledge engineer to use both forward chaining and backward chaining. For
example to use the forward chaining mode, a module would be chained on a
specific conclusion. Therefore depending on the conclusion reached an
associated module would be invoked. For backward chaining a module would be

9



chained on a condition. Therefore if the value of a specific factor was
needed then the associated module would be invoked.

KDS does not support the use of confidence factors; instead "a
proprietary algorithm for resolving uncertainty using 'don't care' is used
instead". 8  External programs can be called from within the KDS shell. The
data is passed to the program as command-line arguments. Data is passed back
to the shell using an interrupt vector and a driver program, which interfaces
the external program to the shell. There are no special provisions for
searching databases. The knowledge engineer has two choices: use an external
program to access the database and then pass the data back to the shell, or
input the data into the shell as case examples. This shell was written in
assembly language, and therefore is fast and efficient.

B. 1st-CLASS

1st-CLASS (version 2.04) is another example-based expert system shell.
It uses a spreadsheet-type format for the user interface. The factors are
entered with their allowed values. An example of this is shown in Table 1.
Once all examples are entered, the system generates a single rule in the form
of a challenge tree as can be seen in Table 2. This rule is then used for
querying the user and the tree is traversed based on the answers received.
Two alternatives to using the rule generated by the shell is to either develop
a unique rule by hand or to use the matching facility which searches all

examples for a match.

Table 1. 1st-CLASS Examples

Nitramine Binder Plasticizer Result Weights
1: RDX r45m/idpi none short(<1O) [1.001
2: HMX r45m/idpi none med(10-20) [1.00]
3: RDX gap bttn short(<10) [1.00]
4: HMX gap bttn med(lO-20) [1.00]
5: HMX bammo/ammo bttn short((1O) [1.00]
6: HMX bammo/ammo tmetn long(21-35) [1.00]
7: HMX gap tmetn med,1O-20) [1.00]
8: RDX gap tmetn long(21-35) 11.00)
9: HMX bammo/ammo none vlong(>35) [1.00]

10: RDX r45m/idpi none short(<10) 11.001
11: RDX gap none vlong(>35) [1.001
12: none gap bttn vlong(>35) [1.00]
13: none gap tmetn vlong(>35) [1.00]

lst-CLASS's rule building process is based on Quinlan's ID3 algorithm.13

1st-CLASS classifies the data into classes or categories. Rules are developed .
which consist of decision trees developed from the data classes and from the
conclusions. This technique is called inductive classification, since the
rules are induced from the classification of the data.

The Ist-CLASS version evaluated was not capable of performing simple
mathematical calculations within the shell. However an updated version does
have this provision. The shell does recognize greater than, less than, and
number ranges. These provisions are critical when searching databases for
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numeric values, since it is usually not necessary to have an exact match, but
only sufficient to know that a value is within certain limits. Some sample
programs showing how to pass data to and from external programs (written in
TURBO PASCAL) were included as examples. The shell passes data on the
command-line to the external program. To pass data back to the shell, the
external program is given an address in memory where the data is to be put.
The external program has a choice of how to find this address. It can be
passed as a command-line argument, or it can be retrieved from a fixed address
in memory.

Table 2. Ist-CLASS Challenge Tree Rule

start of rule
nitramine??
/rdx:plasticizer??

none:binder??
r45m/idpi: ------------------------------------------ short (<10)

gap: ------------------------------------------------ vlong (>35)
bammo/ammo: ----------------------------------------- no data
bammo/thf: ------------------------------------------ no data

tmetn: ---------------------------------------------------- long (21-35)
bttn: ----------------------------------------------------- short (<10)

HMX:binder??
r45m/idpi: ------------------------------------------------ med (10-20)
gap: ------------------------------------------------------ med (10-20)
bammo/ammo: lasticizer??

none: ----------------------------------------- vlong (>35)
tmetn: ---------------------------------------- long (21-35)
bttn: ----------------------------------------- short (<10)

bammo/thf: ------------------------------------------------ no data
none:---------------------------------------------------------- vlong (>35)

--- end of rule
Active examples: 13; Answer's examples: 2; Examples: 1, 10

As with the other shells 1st-CLASS supports chaining of modules
together. An additional feature of Ist-CLASS is that separate modules can be
chained to factors or results. These features enable the knowledge engineer
to use both forward chaining and backward chaining. For example to use Ist-
CLASS in the forward chaining mode, a module would be chained to a specific
conclusion. Therefore depending on what conclusion was reached, a specific
module would be called. For backward chaining a module would be chained to a
condition or factor. Therefore if the value for a specific factor was needed
then the associated module would be called. Special capabilities for I/0 file
operations (e.g., being able to import and export text files for use as data
examples) are included. This is convenient because data from, for example, a
database could be written to a text file and then evaluated by 1st-CLASS.
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C. TIMM

The Intelligent Machine Model (TIMM) is the third example-based expert
system shell evaluated. The expert system is started by first entering the
factors, their associated values, and the possible conclusions that the expert
system can reach. This is a characteristic of TIMM which is similar to let-



CLASS since both require the user to enter the factors and their values
first. TIMM develops it's conclusion based on "the least rectilinear
distance" to the nearest neighbor. The reliability of the conclusion is
calculated from the distance to the nearest neighbor. This reasoning process
is called one nearest neighbor (INN).

The factor values can be unordered (i.e., random), linearly ordered
(i.e., 1,2,3,4), circularly ordered (i.e., the values cycle: Saturday,
Sunday, Monday). There is an option for associating text to a factor which
then can be requested by the user to get a more detailed explanation. An
example of TIMM's "decision structure" for an expert system is shown in Table
3. The expert system is developed by giving solutions to the rules. In Table
4 one can see that the "if" part ef the rule is factors and their
corresponding values, the "then" part is the solution to the rule. There is
also available a secondary knowledge-base which contains exclusionary rules,
i.e., rules for impossible situations. These help in narrowing down the
possible combinations of factor values, and therefore reduce the number of
rules needed. The use of "greater than", and "equal to" in conjunction with
ordered factors, also greatly reduces the number of possible combinations. In
Table 4, rule iS is an example of an exclusionary rule, and rule 38 is an
example of a rule using "greater than or equal to" for an ordered factor. A
knowledge engineer has two choices of how to develop the rules. He can have

the shell fill-in the if part and only enter the solution, or else enter both
the "if" and the "then" part.

After all the rules have been entered the expert system must be tested to

verify that it has been programmed correctly. TIMM has two utilities for
testing the expert system. The simplest is just to enter problems and
evaluate the solutions. Two other utilities are to have the shell check the
"consistency", and "completeness" of the rules. Both of these are very useful
utilities, since for large expert systems it would be difficult or even
impossible to perform these functions by "hand". Another convenient utility
is the "generalize" command, in which the shell combines similar rules into a
single rule and then asks the knowledge engineer to verify that the new rule
is correct.

Since TIM allows separate expert system modules to be chained together,
large systems can be separated into small individual modules. For TIMM to
access external programs at least one driver program, and probably several,
must be written in FORTRAN; these programs get the data to be passed to TIMM,
call TIMM, and then pass the data to TIMM,_ A driver program is also required
if TIMM is to interact with databases. 0,

D. EXSYS

EXSYS is a rule-based shell which uses if-then-else type rules. The
basic reasoning process for EXSYS is backward chaining. The shell starts with

a rule containing choice #1. Based on the premise from this rule, a search is
made for a fact that verifies this premise. If such a fact is not found, a %
search is made for a ru'! that can be used to infer the fact, or else the user V
is asked to supply the answer. This cycle is repeated until all the choices 0
have been evaluated. In addition to backward chaining, EXSYS offers several
optional reasoning processes. These are finalpass, forward, nobackward,
nobackward and forward. Finalpass instructs tae shell to use backward

12



chaining but after evaluating all conditions then execute any rules not
previously used. Forward causes the shell to execute the rules in numeric ."I

order but to use backward chaining to determine the values of any unknown
facts. If a rule has previously been executed then it is not executed again,
since the state of the condition is already known. For nobackward, the shell
uses backward chaining except for determining unknown facts; the user is
queried if a fact is not known. Finally, nobackward and forward combines the
two options instructing the shell to execute the rules in numeric order and to
query the user if a fact is not known.

Table 3. Decision Structure for a TIMM Exper System

DECISION:

THE TYPE OF PROPELLANT TO USE 4

Choices:
AMM PERC
MET AP

SB
DB

TB
INERT NIT

FACTORS:

APPLICATION
Type of values: Linearly-Ordered Descriptive Phrases
Values:

ROCKET
SMALL CAL GUN

LARGE CAL GUN

TIMEFRAME
Type of values: Linearly-Ordered Descriptive Phrases
Values:

SHORT
MEDIUM LONG

LONG

COST
Type of values: Linearly-Ordered Descriptive Phrases
Values:
CHEAP V
MODERATE
EXPENSIVE

VERBOSE VERSIONS

***None***

HELP INFORMATION

***None***

13
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Table 4. Examples of TIMM's Rules

RULE 21

FACTOR VALUE
If:

ENERGY IS MEDIUM
BURN RATE IS VERY HIGH

Then:
THE TYPE OF PROPELLANT TO USE IS EXPERIMTL(10)

CAT DB(45)
CAT NIT(45)

RULE 38

If:
APPLICATION IS )= SMALL CAL GUN
ENERGY IS VERY HIGH

Then:
THE TYPE OF PROPELLANT TO USE IS ENER NIT(30)

EXPERIMTL(70)

EXCLUSIONARY RULE

RULE IS

If:
APPLICATION IS SMALL CAL GUN
PROCESS TYPE IS CAST CURE

Then:
THE TYPE OF PROPELLANT TO USE IS #

In addition to the if-then-else parts of the rule, a note and reference
can also be associated with the rule. This is convenient for documentation,
and it also makes more information available to the user. He can ask to see
the note and reference, if desired. This gives him the option of obtaining a
more detailed explanation, and suggests a source for additional information.
A typical EXSYS if-then-else rule is shown in Table 5. A special editor is
supplied for use in developing the rules. As factors are used in the rules,
the editor keeps track of the factors and their allowed values. This is
convenient since the factors and their values can be recalled and selected;
they do not have to be remembered.

This shell supports mathematical functions including most trigonometric
functions. Also, external programs can easily be called from within the
shell. The external program is executed by calling the function "run (program
name)". There are two options for passing data to the external program: (1)

The data can be passed as a command-line argument. (2) The data is written to
a disk file which is then read by the external program. The data is passed
back to the shell by the second method; the external program writes the data

14



to disk and then the shell reads the data. A special provision is set up for
readilg reports generated from databases. The data from the database is
written to a disk file with "end" used to separate the database records. The
shell searches through the disk file reading the data as needed. An example
of this type of disk file is shown in Table 6.

Table 5. Examples of EXSYS Rules

RULE NUMBER: 1

IF:
The oxidizer cost is unlimited

THEN:
[DESIRED OXIDIZER COST] IS GIVEN THE VALUE UNLIMITED

l b
NOTE:

The knowledge-base is requesting information on the maximum allowable oxidizer
cost. This cost will be used in screening the database for candidate
oxidizers. Usually, the oxidizer cost controls the materials cost of the
formulation. Enter "unlimited" if you do not want cost to be a criterion.

REFERENCE:

NONE

Table 6. Sample Diskfile for Accessing by EXSYS

VI HTPB

V2 15.14
V3 0.899
V4 T
END
VI CAB
V2 222.000

V3 120.000
V4 F
END

EXSYS also offers two utilities to increase the execution speed of the
expert system. The utility "FASTER" increases execution time by organizing
the rules to achieve an optimum order. The other utility available is
"SHRINK" which organizes the text fo 1 rapid access and removes all unnecessary
text, unused formulas and variables.

E. INSIGHT 2+

INSIGHT 2+ (ver 1.3b) is another rule-based shell. It uses a computer
programming language called Production Rule Language (PRL) which was
specifically developed for creating expert systems. The reasoning process for
this shell is the same as EXSYS, i.e., backward chaining. The shell starts
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with a goal, then searches for a rule containing a premise that supports the
goal. Once the rule is found, a search is made for a fact that verifies the
premise. If such a fact is not found, a search is made for a rule that can be
used to infer the fact or else the user is asked to supply the answer. This
cycle is repeated until the goal is proved or disproved.

PRL encompasses about 65 keywords which include most mathematical
functions (for example log, cos, sin, tan, abs, etc.). The expert system is
developed just as one would develop a computer program. Once the expert
system is complete, it is compiled, and then executed. Table 7 shows a small
part of a source code listing of an expert system written in PRL. From the
listing one can see the general structure of an expert system. Variables must
be declared at the beginning of the program. The language supports four types
of variables (numeric, string, boolean, and object-attribute). The goal(s) of
the expert system must be defined at the beginning of the program. The main
body of the program uses if-then-else rules. The expert system can be
programmed to continue until all possibilities are exhausted; this is useful
for interacting with databases. Since the expert system is written in PRL,
one has considerable flexibility and freedom in developing the expert system.

Along with the PRL compiler, a database-accessing PASCAL-type compiler
(titled DBPAS) is supplied with the shell package. This language can be used
for interactions between expert systems and dBASEIII database files. Programs
can be written in this language for managing dBASEIII databases. DBPAS was
written so that data could be easily passed back and forth between the expert
systems and the DBPAS program. Shown in Table 8 is a source code listing of a
simple external DBPAS program (fetchbin) that "fetches" a binder from a
database of binders and returns the name of the binder and three of its
thirteen tabulated properties (cost, class, and inert/energetic designation)
to the main program. For both DBPAS programs and programs written in other
languages, there are two choices for passing data: the data can be passed via
memory, or via a disk file. For accessing DBPAS programs "call program name"'
is used to invoke the program, while for programs written in other languages
"activate program name" is used. A sample PRL program giving an example of
interfacing to both a DBPAS and an TURBO PASCAL program is shown in Table 9.
Supplied with the expert system shell package are some example programs of
passing data between the expert system and TURBO PASCAL programs. In
addition, there are supplied TURBO PASCAL procedures for passing data back and
forth to the shell which can be used without any modifications. Also supplied
is an example expert system which showed how INSIGHT 2+ can be programmed to
use forward chaining as the reasoning process. An editor was supY1ied for use
in developing the programs, but most word processors can be used.

III. DISCUSSION

Of the five expert systems evaluated, three were example-based, while two
were rule-based. Except for TIMM, all the other shell's inference engines
supported forward chaining and backward chaining. All the shells supported
chaining of modules so that expert systems could be written in small sections
and then chained together. The three example-based expert system shells did
not support mathematical functions.

KDS is an example-based shell. The version evaluated did not support

mathematical functions. The major problems with KDS were the advanced
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Table 7. Partial INSIGHT 2+ Source Code Listing

TITLE preliminary screening DISPLAY
press any key to begin W

VARIABLES:

SHARED STRING oxidizer name
AND STRING desired oxidizer type
AND STRIN' desired binder type
AND STRING desired plasticizer type
AND STRING desired oxidizer cost

SHARED SIMPLEFACT desire a specific oxidizer
AND SIMPLEFACT desire a specific oxidizer type
AND SIMPLEFACT desire a specific binder
AND SIMPLEFACT desire a specific binder type

SHARED NU TERIC oxidizer number %
AND NUMERIC binder number
AND NUMERIC plasticizer number

INIT oxidizer number 1 .'-

INIT binder number = 1
INIT plast number = 1

FORGET desire a specific binder type
FORGET desire a specific plast
FORGET desire a specific plast type

GOAL:

1. have evaluated propellant

MAIN BODY:

RULE check For, cnpleteness
IF have evaluated desired oxidizer
!AND have evaluated desired binder
!AND have evaluated desired plast
THEN have evaluated propellant
AND DISPLAY answer

AND CHAIN OXIDC

RULE oxidizer name
IF desire a specific oxidizer

AND desired oxidizer name IS rdx
THEN have evaluated desired oxidizer
AND oxidizer na-ne := 'RDX' S

17
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Table 8. DBPAS Source Code Listing

PROGRAM OXFETCH (RECEIVE INDEX :integer;
RETURN COST :REAL;

NAME, CLASS :STRING(25);
ENERGETIC :BOOLEAN;
STATUS :INTEGER);

VAR
LAST :INTEGER;
A :CHAR;
OXIDIZER :RECORD

NAME STRING(25);
CLASS STRING(25);
MOLFOR STRING(15);
MOLWGHT REAL;
HTOFFORM REAL;
ENERGETIC BOOLEAN;
DENSITY :REAL;
IMPSENS :REAL;
BURN_ RATE :REAL;
COST :REAL;
PARTICLES :REAL;

END;

BEGIN
OPEN (OXIDIZER, 'OXIDIZER');
STATUS :=1;
LAST :=SIZE(OXIDIZER);

* IF INDEX <= LAST THEN BEGIN
GOTO (INDEX, OXIDIZER);
STATUS :=0;
COST OXIDIZER.COST;

N4E OXID)IZER.NAME;
ClAkSS OXIDIZER.CLASS;
ENERGETIC :=OXIDIZER.ENERGETIC;

END;
CLOSE (OXIDIZER);

END;
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Table 9. Example of Accessing External Programs

TITLE oxidizer screening

STRING oxidizer name
AND oxidizer type
AND desired type

SIMPLEFACT energetic oxidizer
AND desire energetic

NUMERIC cost of oxidizer

INIT oxidizer number = 1

FORGET have evaluated oxidLzr cost
FORGET have evaluated oxidizer

FORGET have saved oxidizer
FORGET have a component
FORGET get next oxidizer

SUPPRESS ALL

EXHAUSTIVE ALL

1. have evaluated oxidizer

RULE initialize datafile
ACTIVATE initoxid.com
THEN initialized oxidizer datafile

RULE Get entry from the oxidizer database
CALL )XFETCH
SEND oxidizer number !record number
RETURN cost of oxidizer
RETURN oxidizer name
RETURN oxidizer type

RETURN energetic oxidizer
RETURN oxidizer eof
IF oxidizer eof - 0
AND have saved oxidizer
THEN have evaluated oxidizer
AND oxidizer number := oxidizer number + 1
AND CYCLE
ELSE STOP

!unlimited >100.00
RULE Can oxidizer cost be unlimited
IF oxidizer cost IS unlimited
THEN have evaluated oxidizer cost

19
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programming required for interfacing to external programs, and no provisions
for searching databases. We found the system awkward and difficult to use.
Correcting information was difficult; we usually ended up deleting all and
starting over from scratch.

1st-CLASS is another example-based shell. It uses a spreadsheet-type
format for the user interface. 1st-CLASS uses for its rule a single challenge
tree which is developed based on the examples entered. External programs can
be accessed directly from within the shell.

TIMM is the last example-based expert system shell evaluated. The user
is expected to enter the factors and the associated values. The rules are
developed from this information. There was also supplied with the system some
utilities which could be used for debugging and testing. If the expert system
is to interact with external programs or access databases, then a FORTRAN
program must be written to interface the expert system to the external

program. For non-programmers, this might pose a problem.

EXSYS is a rule-based expert system shell. The rules are the if-then-
else type format. The rules are very structured and are difficult to work
with. A function is supplied within the shell for ;,r-r-cng to external
programs. The shell supports most mathematical and trigonometric functions.

The last expert system shell evaluated is INSIGHT 2+ which is a rule-
based expert system shell. This shell uses a compiler-based programming
language called PRL. This language supports most mathematical and
trigonometric functions. With PRL is supplied a pascal-type language for
searching dBASEIII databases. There are also procedures supplied for passing
data to and from TURBO PASCAL programs.

IV. CONCLUSION

2 Of the five shells evaluated, INSIGHT 2+ offers the best features for the
development of the propellant formulation expert system. The three distinct
advantages that INSIGHT 2+ offers are the relative ease o interfacing to
TURBO PASCAL programs, accessing d3ASEIII databases, and tat the shell uses a
programming language (though a very rudimentary language),1which gives greater
flexibility.

Expert systen shellq, depending on whether they are example-based or
rule-based, each offer distinct advantages and disadvantages. The example-
based systems offer the advantage of being easier to learn to use. All that
is necessary is to enter specific examples. The shell develops the rules
based on these example;. Another advantage that these shells offer is that
they can reveal correlations in the data, since they develop the rules. Thus,
in some cases, it may be valuable to analyze data with an example-based system
in order to deduce rules that can then be incorporated into a rule-based
system of greater flexibility and power. In addition, it has recently been
shown that certain example-based shells like TIMM can even be used to perform
"pattern recognition" analysis of experimental data.1 5 Rule-based systems are
more difficult to learn to use, since the rules have to be entered as opposed
to just entering examples. However this offers the knowledge engineer
increased control and power over how the eqp!rlt system is written.
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Whether the knowledge engineer decides to use an example-based or rule-
based system depends on the type of application and his knowledge and

experience in computer programming. One point to note is that all the shells
could be interfaced to external programs. However each required varying S
degrees of programming skills to write the interfacing procedures. The
commercial development of expert system shells is an evolving process; new
shells are constantly being marketed and the shells already on the market are
being updated, with new versions being offered continuously.

2.
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APPENDIX A. LISTING OF PERSONAL OM5UTER-BASED EXPERT Sol

SYSTEM SHELLS5'

1st-CLASS
Programs in Motion Inc.

10 Sycamore Road
Wayland, MA 01778
617-879-9650

750.00

AION DEVELOPMENT SYSTEM-PC
Aion Corp

101 University Avenue
Palo Alto, CA 94303
415-328-9595
7000.00

ARITY ES DEVELOPMENT PACK
Arity Corp

358 Baker Avenue
Concord, MA 01742
617-371-1243

300.00

APES: EXPERT SYSTEM SHELL

Programming Logic Systems

312 Crescent Drive
Milford, CT 06460

203-877-7988

250.00

ARBORIST
Texas Instruments

12501 Research Blvd. MS 2244
Austin, TX 78769
800-527-3500

595.00

ART
Inference Corp.

5300 W. Century Blvd.
Los Angeles, CA 90045
213-417-7997

DECISION AIDE: DECISION SUPPORT

Kepner-tregoe, Inc.
P.O. BOX 704
Princeton, NJ 08542

609-921-2806

250.00
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DECISON MAKER: DECISION SUPPORT
Alamo Learning Systems

1850 Mt. Diablo Blvd., Suite 500
Walnut Creek, CA 94596 is

415-930-8521
250.00

DUCK
Smart Systems Tech.
6870 Elm Street
McLean, VA 22101

703-448-8562
?

ERS: EXPERT SYSTEM SHELL
PAR Technology Corp.
220 Seneca Turnpike
New Hartford, NY 13413

ESIE
Lightwave Consultants
P.O. Box. 290539
Tampa, FL 33617

145.00

ESP ADVISOR
Expert Systems International

1150 First Avenue
King of Prussia, PA 19406
215-337-2300

900.00

EXPERT CHOICE: DECISION SUPPORT
Decision Support Software

1300 Vincent Place
Mclean, VA 22101
703-442-7900

500.00

EXPERT EDGE
Human Edge Software
2445 Faber Place
Palo Alto, CA 94303
415-493-1593

800.00

EXPERT-2
Miller Microcomputer Services

61 Lakeshore Road
Natick, MA 01760

617-653-6136

1250.002P
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EXSYS
EXSYS, Inc.
P.O. BOX 75158

Albuqerque, NM 87194

505-836-6676
400.00

ENVISAGE
System Designers Software, Ltd.
444 Washington St., Suite 407
Woburn, MA 01801

617-935-8009

GURU
MBDS (Micro Data Base Systems)

P.O. BOX 248

Lafayette, IN 47902
317-463-2581

3000.00

INFERENCE MANAGER: EXPERT SYSTEM SHELL

Intellignet Terminals Ltd.
15 Canal Street
Oxford, OX26BH United Kingdom
1000.00

INSIGHT 2+
Level Five Research Inc.

4980 S. Highway Al-A
Melbourne Beach, FL 32591

305-792-9046
500.00

K:BASE
Gold Hill Computers

163 Harvard Street
Cambridge, MA 02139

617-492-2071

KDS DEVELOPMENT SYSTEMS
KDS Corp.
934 Hunter Road
Wilmette, IL 90091

312-251-2621
800.00

KEE: EXPERT SYSTEM SHELL
Intellicorp
1975 El Camino Real W.
Mountain View, CA 94040
415-965-5500
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KES II
SA & E Inc.
1500 Wilson Blvd.
Arlington, VA 22209 p
703-276-7910

4000.00

KNOWOL: EXPERT SYSTEM SHELL
Intelligent Machines Co.
3813 N. 14TH St.
Arlington, VA 22201
703-528-9136

LIGHTYEAR: DECISION SUPPORT
Lightyear, Inc.
1333 Lawrence Expwy., Bldg. 210
Santa Clara, CA 95051
408-985-8811

500.00

Ml VER 1.3
Teknowledge
525 University Avenue
Palo Alto, CA 943011
415-327-6600
5000.00

MICRO IN-ATE
Automated Reasoning Corp.
290 W. 12TH St., Suite ID
New York, NY 10014
212-206-6331
5000.00

MICRO-PS
Software Architecture & Engineering
1500 Wilson Blvd.
Arlington, VA 22209
703-276-7910

MICROEXPERT: EXPERT SYSTEM SHELL
McGraw-Hill
1221 Avenue of the Americas
New York, NY 08520
800-628-0004

50.00
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Neuron Data

444 High Street

Palo Alto, CA 94301

415-321-4488

Artelligence, Inc.

14902 Preston Rd. Suite 212-252

Dallas, TX 75240

214-437-0631

OPS83: EXPERT SYSTEM SHELL

Production Systems Technology

642 Gettysburg Street

Pittsburgh, PA 15206

412-362-3117
9

PERSONAL CONSULTANT PLUS

Texas Instrument Inc.

P.O. BOX 809063 H-809

Dallas, TX 75380
214-680-5001

3000.00

PRODIGY
Artelligence Inc.

14902 Preston Rd. Suite 212

Dallas, TX 75240
214-437-0361
450.00

QTTM!
Mom C,
Two Northsi. e 75
Atlanta, GA 30318

404-351-2902
700.00

RULEMASTER
Radian Corp.

P.O. BOX 9948
Austin, TX 78766

512-454-4797
1000.00

1ooo .oo. ..
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REVEAL
Mcdonnell Douglas

20705 Valley Green Drive
Cupertino, CA 95014
408-446-6324
2000.00

SAGE
Systems Designers Software, Inc.
444 Washington Street, Suite 407

Woburn, MA 01801
617-935-8009

SERIES PC: EXPERT SYSTEM SHELL
SRI International ACS Division
333 Ravenswood Avenue
Menlo Park, CA 94025
415-859-2859
15000.00

SMALL-X
RK Software
P.O. Box 2085
West Chester, PA 19380

215-436-4570
225.00

THE IDEA GENERATOR: EXPERIENCE IN SOFTWARE
2039 Sattuck Avenue, Suite 401
Berkeley, CA 94704
415-644-0694

200.00

TIMM
General Research Corp.
7655 Old Springhouse Rd.
Mclean, VA 22102
703-893-5900
9500.00

TOPSCI: EXPERT SYSTEM SHELL
Dynamic Master Systems Inc.
P.O. BOX 566456
Atlanta, GA 30356
404-565-0771

175.00

WISDOM PX
Software Intelligence Lab Inc.
50 Broad St. 10TH FL

New York, NY 10040
516-589-1676

2050.00
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Portable Software, Inc.

650 Bair Island Road, Suite 204

Redwood City, CA 94063

415-367-6244

XSYS
California Intelligence

912 Powell Street #8.
San Francisco, CA 94108

415-391-4846
1000.00

3
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